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The difference in elevation Ah between two points was measured repeatedly for 16 times giving 
the following results: 


7.8621, 7.8632, 7.8630, 7.8646, 7.8642, 7.8652, 7.8620, 7.8638, 7.8631, 7.8641, 7.8630, 7.8640, 7.8630, 
7.8637, 7.8633, 7.8630. 


Compute the mean and the standard error of the mean of the observations. 


Calculate the standard error of the volume of a cuboid whose sides x, y, and z have the values 
and standard errors as under: 


x = 60 + 0.03 cm, y = 50 + 0.02 cm, z= 40 + 0.01 cm. 


Compute the area, error in the area, and the standard error of the area for Fig. 1 using the 
following data: Hole of radius r 
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Fig. 1 


The measurements were made with 30 m tape standardized at 30° C and the field temperature 
during the measurements was 50° C. Take coefficient of linear expansion = 1.15 x 10° per ? C. 


A single measurement of an angle has the standard deviation of + 2.75”. To get the standard 
error of the mean of a set of angles as 1" how many measurements should be made in similar 
conditions? 


In Fig. 2, the sides PQ and QR of a Weisbach triangle used in an underground traverse measure 
(2.965 + 3) m and (2.097 + 2) m, respectively. The Approximate value of the angle QRP is 6'50” 
and the standard error of the angle PRS is + 4". Calculate how many times this angle QRP should 
be measured in order that the standard error of the bearing of RS is not to exceed 5". The standard 
error of a single measurement of the angle QRP is estimated to be +10? and assume that the 
bearing of PQ is known without error. 


Q ToS 


Fig. 2 


A line AB was measured in segments along sloping ground with a 30 m tape, and the following 
measurements were recorded: 
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Slope Difference in 
distance (m) elevation (m) 
30.00 1.58 
30.00 0.95 
18.92 0.90 
11.46 0.56 
30.00 3.01 
823 0.69 








What is horizontal length of the line AB ? 


7. A line was measured by a 30 m tape in five bays, and the following results were obtained: 




















Bay Span length |  Rise/fall between 
(m) the ends of span (m) 
1 29.60 0.0 
2 29.80 — 0.21 
3 29.40 0.0 
4 29.60 +0.31 
5 26.00 — 0.04 











The field temperature and pull as measured were 10? C and 175 N. 


The tape was standardized on the flat under a pull of 125 N at temperature 20? C. If the top of 
the first peg is at 250.00 m from the mean sea level, calculate the correct length of the line reduced 
to mean sea level. Take mean radius of the earth as 6372 km. 


Tape details: 


Tape density p = 77 kg/m? 
2 


Cross-sectional area A 6 mm 
Coefficient of linear expansion œ = 0.000011/°C 
Modulus of elasticity of tape material E = 207 kN/mm’ 

8. The length of a steel tape found to be exactly 30 m at a temperature of 30° C under pull of 5 
kg when lying on the flat platform. The tape is stretched over two supports between which the 
measured distance is 300.000 m. There are two additional supports in between equally spaced. 
All the supports are at same level; the tape is allowed to sag freely between the supports. 
Determine the actual horizontal distance between the outer supports, and its equivalent reduced 
mean sea level distance if the mean temperature during the measurements was 37° C and the pull 
applied was 9kg. The average elevation of the terrain is 1500 m. Take tape details as below: 


Weight = 1.50 kg 
Area of cross-section = 6.5 mm? 
Coefficient of linear expansion = 1.2 x 10°C 
Modulus of elasticity of tape material E = 2.1 x 10° kg/cm” 
Mean earth, radius = 6372 km. 
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10. 


11. 


12. 


13. 


14. 


15. 


SURVEYING 


A 30 m tape weighing 0.900 kg has a cross-sectional area 0.0485 cm?. The tape measures 
30.000 m when supported throughout under a tension of 5 kg. The modulus of elasticity is 
2.1 x 10° kg/cm?. What tension is required to make the tape measure 30 m when supported only 
at the two ends ? 


The length of an embankment was measured along its surface as 25.214 m using a steel tape under 
a pull of 25 N at a temperature of 10? C. If the top and bottom of the embankment are at levels 
of 75.220 m and 60.004 m, respectively, and the tape was standardized on the flat at 20? C under 
a pull of 49 N, what is the embankment gradient ? 


Tape details 
Cross-sectional area = 6mm? 
Coefficient of linear expansion = 0.000011/°C 
Modulus of elasticity of tape material = 207000 MN/mm?. 


A steel tape of nominal length 200 m with a plumb bob of mass 16 kg attached to it was used 
to measure a length down a shaft as 160.852 m. The mean temperature during the measurement 
was 4? C. If the tape was standardized to be 200.0014m under a tension of 115 N at 20° C 
temperature, determine the correct measured length. 


The following data may be used: 


Mass of tape = 0.07 kg/m 


Cross-sectional area of tape — 10 mm? 


Coefficient of linear expansion @ = 11 x 10°/°C 
Modulus of elasticity 2 2x 10? N/mm? 
Acceleration due to gravity = 9.807 m/s”. 


A distance is measured along a slope with an EDM which when corrected for meteorological 
conditions and instrument constants, is 714.652 m. The EDM is 1.750 m above the ground, and 
the reflector is located 1.922 m above ground. A theodolite is used to measure a vertical angle 
of + 4?25'15" to a target placed 1.646 m above ground. Determine the horizontal length of the 
line. 


With a theodolite set 1.58 m above station A, a sight is taken on a staff held at station B. The 
staff intercept 1.420 m with middle cross hair reading 3.54 m, and vertical angle — 5?13'. With the 
instrument set 1.55 m above station B, a sight is taken on the staff held at station A. The staff 
intercept is 1.430 m with middle cross hair reading as 2.35 m, and the vertical angle + 6°00’. The 
instrument is internal focussing with constants k = 101 and c = 0. What is the average length 
of AB and the average difference in elevation between the two points ? 


A tacheometer was set up at station A with trunion axis 1.18 m above ground, and due to some 
obstruction in line of sight only reading of upper stadia wire could be recorded as 2.022 with 
vertical angle as + 3°05’, on the staff held vertically at station B. The line joining A and B has 
a gradient of 1 in 20. If the tacheometric constants are as k = 100 and c = 0, calculate the other 
staff readings and the horizontal distance AB. 


To determine the gradient of a line AB, the following data were collected from a station T' with 
staff held vertical using a tacheometer having the constants as k = 100 and c = 0 m. 
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16. 


17. 


18. 


19. 


20. 


21. 





T A 120°15’ + 7°35’ | 1.410, 1.965, 2.520 














B 206°15’ + 4°10’ | 1.655, 2.475, 3.295 
Determine the gradient of the line AB. 





A base line AB was measured in two parts AC and CB of lengths 1540 m and a9a9 m, respectively, 
with a steel tape, which was exactly 30 m at 20° C at pull of 10 kg. The applied pull during the 
measurements for both parts was 25 kg, whereas the respective temperatures were 40° C and 45° 
C. The ground slope for AC and CB were + 2°40’ and + 3°10’, respectively, and the deflection 
angle for CB was 11° R. Determine the correct length of the base line. The cross-section of the 
tape is 0.025 cm’, the coefficient of linear expansion is 2.511 x Jor Sep and the modulus of 
elasticity is 2.1710? kg/cm? 

The following observations were made using a tacheometer (k = 100 and c = 0 m). A point P 
is on the line AB and between the stations A and B, and another point Q is such that the angle 
ABQ is 120°. 


P (h,= 1.45 m) |A (hy = 256.305 m)| -7°15 | 2.225, 2.605, 2.985 
B -3°30 1.640, 1.920, 2.200 














Q (hj 2 1.51 m) B + 9°34’ 0.360, 0.900, 1.440 





h; = Height of instrument above ground 


h, = Elevation of A above m.s.l. 





Determine 

(i) the distance AQ, 

(ii) the elevation of Band Q, and 
(iii) the gradient of line AQ. 
A back sight of 3.0545 m is taken on a point 50 m from the level. A for sight 2.1604 m is taken 
on a point 200 m from the level. Compute the correct difference in level between the two points, 
taking into effect of 

(i) curvature, and 
(ii) curvature and refraction. 
Sighting across a lake 40 km wide through a pair of binoculars, what is the height of a shortest 


tree on the opposite shore whose tip the observer can see if the eyes are 1.70 m above the 
shoreline on which he stands ? 


The line of sight rises at the rate of 0.143 m in 100 m when the level bubble is centered. A back 
sight of 1.713 m is taken on a point P at a distance of 25 m from the level, and a fore sight of 
1.267 m is taken from a point Q at a distance of 60 m from the level. If the elevation of P is 111.000 
m, what is the elevation of Q ? 

A line of levels is run from B.M.-1 (elevation = 100.00 m) to B.M.-2 (elevation = 104.00 m). The 
field observations were recorded as given below: 
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23. 


24. 


25. 


SURVEYING 





























1 4.95 B.M.-1 
2 2.65 

3 5.60 345 

4 |-3.90 — 2.60 

5 2.50 

6 150 | B.M.-2 





Reduce the levels of points 2, 3, 4, and 5. Determine the total error of closure, and adjust the 
values. 


The following figures were extracted from a level filed book; some of the entries eligible because 
of exposure to rain. Insert the missing figures, and check your results. 



































1 ? 279.08 | 277.65 | B.M.-1 
2 2.01 ? 

3 ? 278.07 

4 3.37 0.40 278.68 

5 2.98 ? 

6 141 280.64 

7 ? 281.37 | B.M.-2 








A staff is held at a distance of 200 m from a level, and a reading of 2.587 m is obtained. Calculate 
the correct reading for curvature and refraction. 


The following results were obtained in reciprocal leveling across a river for staff held vertically 
at stations at X and Y from level stations A and B on each bank of a river, respectively. 


Staff reading at X from A = 1.753m 
Staff reading at Yfrom A = 2.550m 
Staff reading at X from B = 2.080m 
Staff reading at Yfrom B = 2.895m 
Calculate the elevation of Y if the elevation of X is 101.30 m above mean sea level. 


In order to check the adjustment of a tilting level, the following procedure was followed. Pegs 
A, B, C, and D were set out on a straight line such that AB = BC = CD = 30 m. The level was 
set up at B, and readings were taken to a staff at A then at C. The level was then moved to D, 
and readings were again taken to a staff held first at A and then at C. The readings are given 


below: 


B 1926 | 1.462 
D 2445 | 1.945 


Determine whether or not the instrument is in adjustment and if not, explain how the instrument 
can be corrected. 
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26. 


27. 


28. 


29. 


A tilting level is set up with the eyepiece vertically over a peg A. The height of the center of the 
eyepiece above A was measured to be 1.516 m. The reading on a vertically held staff at a peg B, 
was found to be 0.0696 m. The positions of the level and staff were interchanged, and the measured 
height of the center of the eyepiece above B was 1.466 m, and the staff reading at A was 2.162 m. 
Determine the difference in level between A and B. Also ascertain from the readings the adjustment 
of line of collimation, and calculate the correct reading on the staff at A. 


During levelling it was found that the bubble was displaced by two divisions off the centre when 
the length of the sight was 100 m. If the angular value of one division of the bubble tube is 20?, 
find the consequent error in the staff reading. What is the radius of the bubble tube if one 
graduation is 2 mm long? 


Levelling was done to determine the levels of two pegs A and B, and to determine the soffit level 
of an over bridge. Using the values of staff readings given the following table, and given that 
the first back sight is taken on a bench mark at a temple (R.L. = 75.630 m), and the final fore sight 
is on a bench mark at P.W.D. guest house (R.L. = 75.320 m) determine the closing error. 


Could a lorry 5.5 m high pass under the bridge? 



































Staff reading Remarks 
(m) 
1275 B.S. on B.M. at temple (R.L. = 75.630 m) 
2.812 F.S. on C.P.1 
0.655 B.S. on C.P.1 
— 3.958 Inverted staff to soffit of bridge 
1.515 Ground level beneath center of bridge 
1.138 F.S. on C.P.2 
2.954 B.S. on C.P.2 
2.706 Peg A 
2.172 Peg B 
1.240 F.S. on B.M. at P.W.D. (R.L. = 75.320 m) 








To check the rail levels of an existing railway, seven points were marked on the rails at regular 
intervals of 20 m, and the following levels were taken: 





























[Pointe SB SS ISSN IBEIS: Remarks 
2.80 B.M. A = 38.40 m 
1 0.94 
2 0.76 
3 0.57 
4 1.17 0.37 
5 0.96 
6 0.75 
7 0.54 

















Reduce the levels of the points by rise and fall method, and carry out appropriate checks. If the 
levels of the points 1 and 7 were correct, calculate the amount by which the rails are required 
to be lifted at the intermediate points to give a uniform gradient throughout. 
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32. 


33. 
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To determine the collimation adjustment of a level, readings were taken on two bench marks X 
and Y 53.8 m apart having elevations of 187.89 m and 186.42 m, respectively, the readings being 
0.429 and 1.884, respectively. The distance of the level at P from Y was 33.8 m. What is the 
collimation error per 100 m ? If further reading of 2.331 is taken from P on a point Z 71.6 m from 
P, what is the elevation of Z ? 


To determine the reduced level of a point B, the vertical angle to B was measured as + 1°48’15” 
from a point A having reduced level of 185.40 m. The vertical angle from B to A was also measured 
as — 1748/02". The signal heights and instrument heights at A and B were 3.10 mand 4.50 m, and 
1.35 m and 1.36 m, respectively. The geodetic distance AB is 5800 m. If the mean radius of the 
earth is 6370 km determine (a) the reduced level of B and (b) the refraction correction. 


The following observations were obtained for a closed-link traverse ABCDE. 





Station 


Clockwise 
angle 


Length 
(m) 





26073118" 





123°50'42” 


129.352 





233^00'06" 


81.700 





1a fo | > 


158°22'48” 


101.112 





E 


283°00'18” 


94.273 











The observations were made keeping the bearings of lines XA and EY, and the coordinates of 
A and E, fixed as below: 
W.C.B. of XA = 123?16'06" 
W.C.B. of EY = 282?03'00" 
Coordinates of A = E 782.820 m N 460.901 m 
Coordinates of E = E 740.270 m N 84.679 m 
Obtain the adjusted values of the coordinates of stations B, C, and D by Bowditch's method. 


Determine the coordinates of the intersection of the line joining the traverse stations A and B 
with the line joining the stations C and D if the coordinates of the traverse stations are as below. 




















Station | Easting | Nothing 
(m) (m) 
A 4020.94 | 5915.06 
B 4104.93 | 6452.93 
C 3615.12 | 5714.61 
D 4166.20' | 615422 





A theodolite traverse was run between two points A and B with the following observations: 

















Line | Bearing | Length (m) 
A-1 86°37 128.88 
12 165°18’ 208.56 
2-3 223°15 96.54 
3-B 159°53’ 145.05 











Calculate the bearing and distance of point B from point A. 


SELECTED PROBLEMS 317 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


Calculate the lengths of the lines BC and CD from the following observations made for a closed 
traverse ABCDE. 


104.85 14°31’ | - 2629 |+ 101.50 
BC - 319°42’ - - 
CD - 347°15’ - - 
DE 91.44 5°16’ +8.39 | +91.04 
EA 596.80 168°12’ | + 122.05 |- 58421 


The following table giving lengths and bearings of a closed-loop traverse contains an error in 
transcription of one of the values of length. Determine the error. 


Length (m)! 210.67 433.67 126.00 294.33 223.00 
Bearing 20?31/30" |357° 1600” | 120°04’00” | 188°28’30” | 213°31’00” 
A traverse was run between two points P and Q having the coordinates as E1 268.49 m, N1836.88 


m, and E1375.64 m, N1947.05 m, respectively. The field observations yielded the following values 
of eastings and northings of the traverse lines. 













































































104.65 101.26 
BC 20896 | 136.41 - 15829 - 
CD 21245  |203.88 - - 59.74 
DE 215.98 - 146.62 | - 158.59 
EA 131.18 - 112.04 | 6823 - 





Calculate the adjusted coordinates of A, B, C, and D using Bowditch's method. 


The two legs AB and BC of a traverse and the angle ABC as measured are 35.50 m, 26.26 m, and 
135°, respectively. Calculate the resulting maximum error in the measurement of the angle due to 
the centering error of + 2 mm. 

In a certain theodolite it was found that the left-hand end of the trunion axis is higher than the 
right-hand end making it to incline by 30" to the horizontal. Determine the correct horizontal angle 
between the targets A and B at the theodolite station from the following observations. 





246?18'53^" + 63?22'00" 





B 338?4128" + 12?1620" 











The bearing and length of a traverse line are 38?45/20" and 169.08 m, respectively. If the standard 
deviations of the two observations are +20” and +50 mm, respectively, calculate the standard 
deviations of the coordinate differences of the line. 


In some levelling operation, rise (+) and fall (—) between the points with their weights given in 
parentheses, are shown in Fig. 3. 
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Q 
+3.17(1) 
P 
R 
MIND +2.59(1) 
s 
Fig. 3 
Given that the reduced level of P as 134.31 m above datum, determine the levels of Q, R, and 
S. 
42. In a triangulation network shown in Fig. 4, the measured angles are as follows: 


0, = 6724304", 
0, = 45?24'10", 
0, = 37*1412", 


0, = 29°38’52” 
0; = 63?19'35" 
6, = 49?47'08" 





Fig. 4 


0, and 0, are of twice the weight of 


Adjust the angles to the nearest seconds assuming that 
the other four. 


43. Three stations A, B, and C have the coordinates E 2000.00 m, N 2000.00 m, E 1000.00 m, N 267.95 
m, and E 0.00 m, N 2000.00 m, respectively. The following readings have been recorded by a 
theodolite set up at a station P very near to the centre of the circle circumscribing stations A, 
B, and C : 





Pointings on | A B C 





Horizontal circle 00*00/00" 
reading 


119°59’51.0”| 240*?00723.5" 











Determine the coordinates of P. 


44. By application of the principle of least squares Determine the most probable values of x and y 
from the following observations using the least squares method. Assume that the observations 
are of equal weights. 


2x+y = +10 
x+2y = -1.0 
x+y = +01 
x-y = +22 

2x = «1.9. 


45. In a braced quadrilateral shown in Fig. 5, the angles were observed as plane angles with no 
spherical excess: 


0, = 40°08’17.9”, 
0, = 53°11’23.7”, 


0, = 44°49'14.7” 
0,2 41°51’09.9” 
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46. 


47. 


48. 


49. 


50. 


51. 


0; = 61°29'34.3”, 6, = 23°27'51.2” 
0, = 23°06'37.3”, 0, = 71°55’49.0” 





Fig. 5 


Determine the most probable values of the angles by rigorous method. 


Directions ware observed from a satellite station S, 200 m from a station C, with the following 
results: 


ZA = 00?00'00" 
ZB = 62°15'24” 
ZC = 280°20'12”. 


The approximate lengths of AC and BC are 25.2 km and 35.5 km, respectively. Calculate the ZACB. 


The altitudes of the proposed triangulation stations A and B, 130 km apart are respectively 
220 m and 1160 m. The altitudes of two peaks C and D on the profile between A and B, are 
respectively 308 m and 632 m, the distances AC and AD being 50 km and 90 km. Determine 
whether A and B are intervisible, and if necessary, find the minimum height of scaffolding at B, 
assuming A as the ground station. 


Calculate the data for setting out the kerb line shown in Fig. 6 if R = 12 m and A= 90°. Calculate 
the offsets at 2 m interval. 


ou e 


fl 


R 


Fig. 6 


Derive data needed to set out a circular curve of radius 600 m by theodolite and tape (deflection 
angle method) to connect two straights having a deflection angle 18°24’, the chainage of the 
intersection point being 2140.00 m. The least count of the is 20”. 


A circular curve of radius 300 m is to be set out using two control stations A and B, their 
coordinates being E 2134.091 m, N 1769.173 m and E 2725.172 m, N 1696.142 m, respectively. The 
chginage of the first tangent point having coordinates E 2014.257 m, N 1542.168 m is 1109.27 m. 
If the coordinates of the point of intersection are E 2115.372 m and N 1593.188 m, calculate the 
bearing and distance from A required to set out a point X on the curve at chainage 1180 m. 


Two straights AB and CD having bearings as 30° and 45°, respectively, are to be connected CD 
by a continuous reverse curve consisting of two circular curves of equal radius and four 
transition curves. The straight BC, 800 m long, having bearing of 90°, is to be the common tangent 
to the two inner transition curves. What is the radius of the circular curves if the maximum speed 
is to be restricted to 80 km/h and a rate of change of radial acceleration is 0.3 m/s? ? Give (a) 
the offset, and (b) the deflection angle with respect to BC to locate the intersection of the third 
transition curve with its circular curve. 
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It is required to connect two straights having a total deflection angle of 18°36’ right by a circular 
curve of 450 m radius and two cubic spiral transition curves at the ends. The design velocity 
is 70 km/h, and the rate of change of radial acceleration along the transition curve is not to exceed 
0.3 m/s?. Chainage of the point of intersection is 2524.20 m. Determine (a) length of the transition 
curve, (b) shift of the circular curve, (c) deflection angles for the transition curve to locate the 
points at 10 m interval, and (d) deflection angles for the circular curve at 20 m intervals. 


If the sight distance equals half the total length of the curve, g} = +4% and g, = —4%, and the 
observer’s eye level h = 1.08 m, calculate the length of the vertical curve. 


A gradient of +2% is to be joined to a gradient —4/3% by a vertical curve with a sight distance 
of 200 m at 1.05 m above ground level. Determine the chainage and level of the two tangent points 
for the highest point on the curve at chainage 2532.00 m and level 100.23 m. 


In a modification, a straight sloping at —1 in 150 is to be changed to a gradient of +1 in 100, the 
intervening curve being 400 m in length. Assuming the curve to start at a point A on the negative 
gradient, calculate the reduced levels of pegs at 50 intervals which you set out in order to 
construct the curve, assuming the reduced level of A to be 100 m. 


Determine the area in hectares enclosed by a closed traverse ABCDE from the following data. 





Easting | Nothing 
(m) (m) 
A 181.23 184.35 
B 272.97 70.05 
C 37416 | 133.15 
D 349.78 | 166.37 
E 288.21 | 270.00 


Station 


























Using the data given below to determine the volume of earth involved a length of the cutting 
to be made in ground: 


Transverse slope = lin5 
Formation width = 800m 
Side slopes = lin2 


Depths at the centre lines of three sections, 20 m apart = 2.50, 3.10, 4.30 m. 
Get the results considering 
(a) The whole cutting as one prismoid. 
(b) End-areas formula with prismoidal correction. 
A 10 m wide road is to be constructed between two point A and B, 20 m apart, the transverse 
slope of the original ground being 1 in 5. The cross-sections at A and B are partly in cut with 
0.40 m cut depth at the centre line and partly in fill with 0.26 m fill at the centre line. The respective 
side slopes of cut and fill are 1 vertical in 2 horizontal, and the centre line of the road AB is a 


curved line of radius 160 m in plan. Determine the net volume of earthworks between the two 
sections. 


A dam is to be constructed across a valley to form a reservoir, and the areas in the following 
table enclosed by contour loops were obtained from a plan of the area involved. 


(a) If the 660 m level represents the level floor of the reservoir, use the prismoidal formula to 
calculate the volume of water impounded when the water level reaches 700 m. 
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61. 


62. 


63. 


(b) Determine the level of water at which one-third of the total capacity is stored in the reservoir. 


(c) On checking the calculations it was found that the original plan from which the areas of 
contour loops had been measured had shrunk evenly by approximately 1.2 % of linear 
measurement. What is the corrected volume of water? 





Contour (m) | 660 | 665 | 670 675 680 685 690 695 670 
Area | 5200 9400 | 16300 | 22400 | 40700 | 61500 | 112200 | 198100 | 272400 
































A point X having the cordinates as E1075.25 m, N 2000.25 m, is to be set out using two control 
points P (E 1050.25 m, N 2050.25 m) and Q (E 1036.97 m, N 1947.71 m) by two linear mesurements 
alone. Calculate the necessary data to fix X. 


A length of sewer PRQ is to be constructed in which the bearings of RP and RQ are 205°02’ and 
22°30’, respectively. The coordinates of the manhole at R are E 134.17 m, N 455.74 m. A station 
A on the nearby traverse line AB has coordinates E 67.12 m, N 307.12 m, the bearing of AB being 
20°55’. Considering a point M on AB such that MR is at right angles to AB, derive the data to 
set out the two lengths of sewer. 


The coordinates of three stations A, B, and C are respectively E 11264.69 m, N 21422.30 m, E 
12142.38 m, N 21714.98 m, and E 12907.49 m, N 21538.66 m. Two unknown points P and Q lie to 
the southerly side of AC with Q on the easterly side of point P. The angles measured are ZAPB 
= 38?15'47", ZBPC = 30?38'A1", ZCPQ = 33?52/06", and ZCQP = 106°22’20”. Calculate the length 
and bearing of the line PQ. 


During a shaft plumbing exercis, two surface reference stations A (E 1000.00 m, N 1000.00 m) and 
B (E 1300.00 m, N 1500.00 m) were observed with a theodolite placed at a surface station X near 
to the line AB. The observations were also made on two plumb wires P and Q, the distances XA, 
XP, and PQ being 269.120 m, 8.374 m, and 5.945 m, respectively, when P is nearer to X than Q. 
The measured horizontal angles at X from a reference mark M are as ZMXA = 273?42/24", 
ZMXB = 93?42'08", ZMXP = 98°00’50”, and ZMXQ = 98?00'40". Calculate the bearing of PQ. 
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ANSWERS TO SELECTED PROBLEMS 


17.8635 m,+2.128x10*m. 2. +82 cm’. 3. 5138.82 m?, 2.43 m?, + 2.34 m? 
8. 5. 6. 6. 128.34 m. 

144.38 m. 8. 299.92 m. 9. 16.95 kg. 

1 in 1.32. 11. 160.835 m. 12. 712.12 m. 

142.54 m, 14.58m. 14. 1.122,1.072,94.73 m. 15. 1/6033. 

3420.65 m. 17. 204.43 m, 263.092 m, 244.783 m, 1 in 18. 

(i) 0.8969 m, (ii) 0.8966 m. 19. 14.62m. 20. 111496 m. 


R.L.'s: 102.30 m, 101.50 m, 109.70 m, 103.30 m, Closing error: + 0.30 m, Adjusted values: 
102.30 m, 101.40 m, 109.50 m, 103.10 m. 


B.S.: 1.43 m, I.S.: 1.01 m, F.S.: 0.68 m, H.I.: 282.05 m, R.L.’s: 277.07 m, 279.07 m. 

2.584 m. 24. 100.49 m. 25. Line of collimation up by + 2/4". 
0.758 m, 2.224 m. 27. 19mm, 20.627 m. 

73.858 m, 74.392 m, 4 mm, No, Clearance under bridge: 5.473 m. 

0.02, 0.03, 0.03, 0.02, 0.01. 30. 27.9mm,185.984 m. 31. (a) 367.21 m, (b) 13.4". 

E 730.630 m and N 342.553 m, E 774.351 m and N 273.541 m, E 738.688 m and N 178.933 m. 
E 4042.93 m and N 6055.88 m. 34. 157°35’, 433.41 m. 35. 143.73 m, 289.15 m. 

BC - 343.67 m. 37. Coordinates of C: E 1634.67 m, N 2037.13 m. 

25.3”. 39. 92?2328". 40. 6,,=+34 mm, oy = £40 mm. 
Q 138.64 m, R 141.78 m, S 144.34 m. 

45?23'59". 29°38’51”, 6742/50", 37? 14' 11^, 63? 19'45", 49°4713”. 

E 999.92 m, N 1422.57 m. 44. x= + 1.02, y 2 - 1.05. 


0, = 48°08'15.23”, 0, = 71°55’52.62”. 46. 62°00'31”. 
5.50 m. 48. Atx=2m, y 2 3.34 m. 
At chainage 2100.00 m, 02°44’00”. 50. 194°47’01”, 209.791 m. 


758.5 m, 0.51 m, 00°36’20”. 
(a) 54.44 m, (b) 0.27 m, (c) At chainage 2450.00 m, 00°16’40”, (d) At chainage 2560.00 m, 05^14/20". 


216 m. 54. 2443.20 m, 2591.20 m, 99.34 m, 99.83 m. 
99.719, 99.541, 99.469, 99.500, 99.635, 99.875, 100.219, 100.667. 

1.944 hectares. 57. (a) 2283.3 m°, (b) 2331.9 m. 

2.23 m? (cut). 59. (a) 29.693 x 106 mî, (b) 669.8 m, (c) 30.406 x 10° m°. 


AS = 55.90 m, BS = 65.01 m. 
AR = 163.04 m, AM = 162.76 m, PM = 9.59 m, ZMRP = 85°53’, ZMRQ = 91°35’. 
1013.27 m, 68?10'10". 63. 35?16'00". 


